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OCcKS 

We are all familiar with rocks, but are 
we aware of their importance? If we 
should come across one along the road- 
side or in the yard, we probably would 
give it scant attention. A rock is a rock. 
However, every rock, large or small, can 
tell us something about the nature of the 
earth and the substance of which it is 
made. For geologists, rocks are the basic 
material of research; through the study of 
rocks they hope to solve the mystery of 
the origin of the earth—and also of the 
moon, by analyzing the lunar rocks 
gathered by the astronauts. 

We live on a bed of rocks. Beneath 
the waters, plants and soil that make up 
our surrounding landscape, all is rock of 
one type or another. This layer envelop- 
ing the inner earth is called the litho- 
sphere, from the Greek word lithos 
meaning stone, in contrast to the atmos- 
phere (gaseous sphere), biosphere (sphere 
of living matter) and hydrosphere (water 
sphere) consisting mostly of the seas but 
including lakes and streams. These four 
spheres interact to make the surface of 
the earth what it is. 

The earth itself has been divided 
geologically into three concentric zones, 
the crust, mantle and core. The outermost 
zone or crust is from 5 to 35 miles thick, 
depending upon the terrain, being up to 
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35 miles deep under mountain ranges and 
from 5 to 10 miles in thickness under the 
ocean floor. Beneath the crust is the 
mantle extending downward for about 
1800 miles to the core. The mantle like 
the crust is composed of rocks, but these 
rocks have a higher average density. The 
core, 4400 miles in diameter, is believed 
to consist mainly of iron and nickel and 
is divided into two parts, an inner solid 
part and an outer liquid part. 

Here we are concerned primarily with 
the crust from which your specimens 
came. Many varieties of rocks compose 
the earth’s crust, each with specific 
characteristics that distinguish it from 
another. In general all these rocks can be 
grouped into three major categories based 
on their origin: igneous, sedimentary and 
metamorphic. 

In your unit are specimens representing 
each of these groups. These specimens 
offer an interesting variety of rocks from 
different parts of the United States and 
Italy, and by observing them you will 
learn something about the characteristics 
of each of the categories. 

First identify your specimens. 
IGNEOUS ROCKS—Three rocks in one 
bag. 

BASALT—Black or dark gray in color; 

fine-grained; hard and angular. 

PUMICE—Light gray or whitish rock; 

light in weight and porous. 
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BIOTITE GRANITE—Light gray or 
almost white granular rock containing 
black grains. 
SEDIMENTARY ROCKS—Two rocks 
in one bag. 
SANDSTONE—Reddish- brown; fine- 
grained. 
FOSSILIFEROUS LIMESTONE— 
Light-colored rock, almost white, con- 
taining fossil materials. 
METAMORPHIC—Two rocks in num- 
bered bag. 
PINK MARBLE—Pink; fine-grained. 
MICA-SCHIST—Dark gray; contains 
sparkling mineral. 


WHAT IS A ROCK? 

Experiment 1. Examine each of the 
rocks as you remove it from the bag. 
Label the rocks if you wish, matching 
them to the descriptions given above. 

Note how different each one appears 
from the other and that the rocks in each 
of the categories appear completely dif- 
ferent from each other also. 

All rocks are made up of one or more 
minerals and the differences you observe 
result from the minerals contained within 
them and the manner in which the rocks 
were formed. 

Minerals are the basic substance of 
rocks. They are inorganic crystalline 
solids composed of elements that are 
present in the earth’s crust. The minerals 
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occur naturally and have characteristic 
chemical compositions and properties. 
Under influences of the environment dif- 
ferent minerals combined to form the 
various rocks imparting to them their 
characteristics. 

In the earth’s crust, eight elements— 
oxygen, silicon, aluminum, iron, calcium, 
sodium, potassium and magnesium—pre- 
dominate, comprising about 99% of the 
crust. Of these eight, oxygen and silicon 
are the most abundant. Almost three- 
fourths of the earth’s crust consists of 
these two elements. It is not surprising, 
therefore, that the most common mineral 
is quartz having the chemical composition 
Si02 or silicon dioxide, and also, that most 
of the minerals in rocks are silicates, 
compounds containing silicon and oxygen 
in combination with one or more of the 
other elements. 

About 2,000 minerals are known to 
exist. However, only a few of these 
minerals make up most of the rocks. 
The relative amounts of these minerals 
provide the main properties of rocks. 


IGNEOUS ROCKS 
Experiment 2. Look at your specimens 
of igneous rocks noting their color and 
texture. The pumice is light in color, 
lightweight and porous, the basalt, black 
or almost black and very fine grained, 
while the biotite granite is granular con- 
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taining white crystals interspersed with 
finer grains of a dark mineral. 

All three are igneous rocks, but each 
was formed differently from the other. 
The word igneous indicates origin by fire, 
but actually igneous rocks are the product 
of the cooling and solidification of molten 
material. This molten material, called 
magma, may reach the surface through 
an erupting volcano and emerge as lava, 
or it may work its way up within the 
crust and spread out in crevices horizon- 
tally or vertically to remain underground 
and cool and solidify there. 

The rock resulting from magma that 
poured forth from a volcano is know as 
volcanic or extrusive rock, while rock 
formed from the cooling of the hot 
molten material below the surface is 
called plutonic or intrusive rock. 

You have observed the textures of the 
three specimens. The differences you see 
in the crystal sizes of these rocks are due 
mainly to the rate at which the magma 
cooled. 

Magma escaping from volcanoes cools 
quickly when exposed to the air and the 
mineral particles within it do not have 
much time to grow before the lava solidi- 
fies to form rock and the grains remain 
small. In some rocks the grains are so 
tiny they can be seen only with a micro- 
scope. Basalt is an extrusive rock. Note 
how fine its crystals are. 
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Sometimes the cooling is so rapid that 
crystals do not have time to form and the 
rock is a glass. A glass is a substance that 
solidifies in its liquid state without crystal- 
lizing. Pumice is a special form of glassy 
extrusive rock. 

When the magma cools under the sur- 
face, it does so very slowly and the 
minerals have time to grow into larger 
crystals. Granite is an intrusive rock. 
Note the size of its crystals and compare 
them with those of basalt. 

Experiment 3. Observe the color of 
your specimens. Igneous rocks are classi- 
fied by color into light, medium and dark. 

Magma is a melt of various chemical 
constituents. The main components are 
the eight most abundant elements men- 
tioned earlier. Various combinations of 
these elements compose the variety of 
minerals that provide the main charac- 
teristics of the different rocks. The 
chemical composition of magma differs 
and the mineral content of any igneous 
rock depends upon the chemicals con- 
tained in the original magma. 

Note that the pumice and granite are 
light in color while the basalt is very dark. 
The lighter the rock, the more silicon it 
contains and the darker it is, the greater 
the iron and magnesium content. Thus 
granite and pumice have a high percent- 
age of silicon while basalt is rich in iron 
and magnesium. 
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Pumice 


Experiment 4. Place your specimen of 
pumice in a glass of water. Does it float? 

Magma, the parent material of all 
rocks, commonly contains dissolved water 
which is prevented from escaping because 
of the great pressure exerted on the 
magma from the crust above. The tem- 
perature of the molten solution is far 
above the boiling point of water at the 
surface of the earth. When a crack in the 
earth’s crust allows the magma to escape 
to the surface as in a volcano, the pres- 
sure on the magma is suddenly reduced. 
Water comes out of solution as steam and 
forms bubbles that expand as the lava 
erupts. Other volatile materials held 
under pressure in the magma also escape 
at the same time. 

If the bubbling foam freezes quickly, 
the rock solidifies in the frothy state and 
contains many holes or vesicles. This is 
how your pumice was formed. 

The texture is glassy with numerous 
cavities. The rapid cooling also prevented 
crystallization. Examine the pumice with 
a magnifying glass and you will be able 
to see how porous it is. The vesicles make 
up most of the pumice causing it to be 
extremely light. As you observed, pumice 
floats on water. It is one of the lightest 
rocks. 

The light-colored pumice is similar in 
chemical composition to rhyolite a vol- 
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canic rock containing a high percentage 
of quartz and feldspar and is actually a 
glassy rhyolite. 

Feldspars are one of the most impor- 
tant rock-forming mineral groups. They 
are silicates of aluminum combined with 
sodium, potassium and calcium. The 
feldspar in rhyolite and pumice is mostly 
a potassium-rich feldspar. The feldspars 
containing sodium and calcium, usually 
in combination of varying proportions of 
each, are known as plagioclase. 

Your specimen of pumice came from 
Catania, Italy. 


Basalt 

Basalt is by far the most abundant of 
the extrusive rocks. Your specimen came 
from the Watchung Mountains in New 
Jersey and was formed during the Tri- 
assic Period or some 200 million years 
ago. 

Since the early history of the earth, 
magma has poured from fissures in the 
earth’s surface. In some places successive 
lava flows have created basalt beds 
thousands of feet thick covering thou- 
sands of square miles. Molten rock ex- 
truded from volcanoes have built moun- 
tains thousands of feet high composed of 
basalt. Some volcanoes starting on the 
ocean floor have created islands. Most 
sea floors are lined with basalt, beneath 
the layers of sediment. 
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Experiment 5. Note how dense your 
basalt is. Look at it with a magnifying 
glass. Can you distinguish any crystals? 
You can see that the basalt is very fine 
grained. 

Basalts are usually dense and uniformly 
textured like your sample, but rocks near 
the top of lava flows may contain enough 
gas Cavities to make the basalt vesicular. 

Depending upon the location, the 
mineralogy of basalt may vary, but it is 
composed mostly of pyroxene, a silicate 
mineral containing calcium, iron and 
magnesium, and plagioclase, the sodium 
and calcium feldspars. Olivine, a green 
ferromagnesian (iron and magnesium) 
mineral, is also often present. Pyroxene 
and olivine give basalt its dark color. 


Granite 

Much of the magma never reaches the 
surface but spreads out between rocks and 
through fissures or other imperfections 
within the earth’s crust. When it spreads 
horizontally to form a flat layer between 
rocks, it is called a sill and if it moves up- 
ward into a vertical cavity it is known as a 
dike. Sometimes a sill may be thick and a 
convex layer of magma results. This is re- 
ferred to as a laccolith. The magma on 
solidifying becomes intrusive or plutonic 
rock. 

As magma cools slowly within the 
earth, the minerals crystallize from it in 
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sequence according to their crystallization 
temperatures. This process is known as 
fractionation. Thus, many varieties of in- 
trusive rocks containing different mixtures 
of mineral in various proportions are 
formed. Most of the dark minerals con- 
taining iron and magnesium and among 
the feldspars, the soda-lime (Na»,0*Ca0) 
feldspars or plagioclases, tend to crystal- 
lize earlier forming the dark group of 
rocks known as gabbros. The lighter 
colored minerals remaining, consisting 
mostly of quartz and potassium feldspar, 
solidify to produce the granites. The dark- 
colored basalt is the volcanic equivalent 
of gabbro and the light-colored rhyolite 
the extrusive counterpart of granite. 
Experiment 6. Look at your specimen 
of biotite granite, observing its large 
granules. Note the dark grains. Granite 
always contains some dark minerals. In 
your specimen, it is biotite and is the 
mineral from which the granite receives 
its name. The mineral biotite is essen- 
tially a potassium aluminum silicate con- 
taining iron and magnesium. It is widely 
distributed and is an important rock- 
forming mineral, occurring in igneous 
rocks especially in those which contain a 
large amount of feldspar, as in granite. 
Granite is the most common of plu- 
tonie rocks and is found forming cores 
of mountan chains and makes up most 
of the rock base in the lithosphere. Gran- 
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ite is always formed beneath the surface 
of the earth, but due to earth movements 
and erosion of soil and other material 
that originally surrounded it, you may see 
it exposed on mountain tops or in other 
rocky projections. 

Experiment 7. Notice the color of your 
biotite granite. Granite is usually white 
like your specimen, but it may be pink to 
red depending upon the feldspar it con- 
tains. The large white opaque grains with 
flat surfaces are feldspar and the clear or 
glassy grains are quartz. Your specimen 
came from Barre, Vermont. 

The coarse grain of granite and the 
presence of quartz helps to distinguish 
this rock. It is also characterized by its 
speckled appearance. 

Experiment 8. Note how hard the 
granite and basalt are. Most silicate 
minerals and quartz are high on the scale 
of hardness and impart this property to 
these rocks. 

Because of its resistance to weathering, 
granite is used widely as a building stone. 


SEDIMENTARY ROCKS 
Sedimentary rocks are those that are 
formed from materials derived from the 
weathering of previously existing rocks. 

Thus, they are secondary rocks. 
Rocks exposed to wind, rain or ice 
gradually crumble into smaller rocks. The 
deterioration of rocks by weathering 
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occurs by both chemical and mechanical 
action. Most of the minerals composing 
rocks are attacked by water or air. Some 
of them are dissolved and leached away 
by rain and others react to form more 
stable minerals. Only quartz, the most 
resistant mineral to chemical weathering 
remains virtually unchanged and separ- 
ates from the rock as small grains. 

The rocks weakened by the chemical 
alteration of minerals and by crevices 
left behind by dissolved substances even- 
tually break into fragments as a result of 
the mechanical effects of erosion. The 
products of weathering, both chemical 
and mechanical, are carried away usually 
by water as sediment along streams and 
rivers to be deposited finally in lakes and 
oceans often far from the original rocks. 
The sediment is usually deposited in 
layers. 

The accumulated sediment becomes 
cemented together by a slow process 
taking many years to form sedimentary 
rock. The cementing material is usually 
silica, calcium carbonate or iron oxide. 

There are three major types of sedi- 
mentary rocks: fragmented or clastic, 
chemical precipitate and organic. 

The clastic sedimentary rocks..consist 
of fragments of rocks or grains cemented 
together. These rocks are classified into 
three groups according to the size of the 
fragments. Rocks formed by the cemen- 
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tation of rounded smooth pieces, varying 
in size from tiny pebbles to large boulders 
are called conglomerates. If the pieces of 
rock are sharp and angular, the conglom- 
erate is known as breccia. Rock made up 
of fine grains of quartz or other minerals 
are classified as sandstone, and if the 
sediment consists of fine silt or mud, the 
resulting rock is a shale. 

Sedimentary rocks of chemical origin 
are those that are formed by the precipi- 
tation of minerals that were dissolved dur- 
ing chemical weathering. 

Some rocks are composed almost com- 
pletely of the remains of secretions of sea 
plants and animals or of other plants. 
These are known as organic sedimentary 
rocks. 

In this unit are samples of the clastic 
and organic rocks. 


Sandstone 

Sandstone, as the name suggests, is 
sedimentary rock formed from _ sand 
grains (about one millimeter in diameter). 
When layer upon layer of sand accumu- 
lates, great pressure is exerted on the sedi- 
ment below compacting the grains. The 
particles of minerals become squeezed 
closer together reducing the size of the 
spaces between them. These spaces grad- 
ually fill wth minerals precipitated from 
the water penetrating into the sediment. 
The precipitated minerals fill the holes 
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and eventually cements the grains to- 
gether. When this sediment hardens it 
turns into sandstone. 

Experiment 9. Your specimen of sand- 
stone came from Portland, Connecticut 
and was formed during the Triassic 
period. Look closely at it noting its text- 
ure and color. Can you see the individual 
grains? The color of the sandstone is due 
to the presence of iron oxide. 

Break off a few grains with your finger- 
nail. Do they separate easily? The 
strength of sandstone depends upon the 
amount and kind of cementing material 
it contains. 

Some sandstones do not have much 
cement and are porous. 

Experiment 10. Place a drop of water 
on your specimen. Is it quickly absorbed? 

Look at your specimen again with a 
magnifier and note the tiny holes between 
the grains that make the rock porous. 

Experiment 11. Examine the grains in 
your rock. Do some of them sparkle? 
These glass-like grains are quartz. 
Notice the reddish-brown grains. These 
consist mainly of feldspar. 

Is the sandstone composed mostly of 
quartz or feldspar? Sandstone like your 
specimen that contains a great deal of 
feldspar is known as arkose. 

Experiment 12. Break off a few grains 
from the sandstone again and then ex- 
amine them. Are they mostly round or 
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angular? 

If they are rounded it means the sedi- 
ment traveled a long distance before it 
was deposited. If they are angular, the 
grains did not go far before they came 
to rest. 

Fragments of rock and mineral grains 
are irregular in size and angular when 
they first break away from the deteriorat- 
ing rocks, but as they are carried along 
in the water their edges become rounded 
by rubbing against other materials. The 
further they travel, the more rounded and 
smooth they become. 

Do the grains vary in size? 

As the rushing waters carry the sedi- 
ment along, the materials are deposited 
according to size as the current slows 
down. The larger rocks are deposited 
first and the finest particles of silt last 
when the waters enter a quiet body of 
water, lake or ocean. Thus the further 
the sediment travels, the more similar in 
size the grains are in the various deposits. 

If there is a wide variation in size of 
the granules, they were probably deposited 
rapidly before traveling very far. 

Experiment 13. The cementing agent 
in sandstone is usually calcium carbonate 
(calcite), silicon dioxide (silica) or iron 
oxide (hematite). If the cement is calcium 
carbonate, it will effervesce or form 
bubbles of carbon dioxide in acid. 

Test your specimen by placing a small 
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piece of it in a teaspoon of white vinegar 
(acetic acid). Do bubbles form? 

If the cement is iron oxide, no bubbles 
will appear, but some of the iron oxide 
may go into solution turning the acid 
faintly yellow. 

If the cement is silica, the sandstone 
will be very hard. 

What is the cementing material in your 
sandstone? 

You will find that from these tests, the 
cementing material must be hematite. 


Fossiliferous Limestone 

Limestone is the most abundant of 
organic sedimentary rocks. There are 
several types of organic limestone depend- 
ing upon the kind of fossils they were 
derived from and whether they contain 
fossils or other minerals. 

Many organisms utilize the calcium 
carbonate present in the seawater to build 
their protective walls and shells. When 
these animals die, their hard calcareous 
parts sink to the sea floor and accumulate 
there. Through time these deposits can 
grow into great thicknesses and as in sand- 
stone, the remains may eventually become 
cemented together. The cementing ma- 
terial of the fossil fragments is calcium 
carbonate. 

Experiment 14. Your specimen is from 
Bedford, Indiana and was formed during 
the Mississippian Period, more than 300 
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million years ago. Examine it, noting its 
texture and color. Can you see the fossil 
fragments? 

There are many bits of fossil material 
in your specimen. These fragments of 
shells and coral were broken up primarily 
by the mechanical action of water. 


Experiment 15. Break a small piece 
from your specimen and place it in a 
small amount of vinegar. Note how vigor- 
ously it effervesces. The calcium carbon- 
ate readily reacts with acid to release 
carbon dioxide gas. 


Experiment 16. Limestone is only 
slightly soluble in water, but is readily 
soluble in water containing some dis- 
solved carbon dioxide. 

To demonstrate this, break a small 
piece (about '%-inch or less in diameter) 
from the limestone and place it in a glass. 
Pour some cool carbonated soft drink 
over it and cover it. Leave it in the re- 
frigerator overnight. The limestone will 
be partially or completely dissolved by 
morning. 

This solution process is the way in 
which most limestone caves are formed. 
As water containing weak carbonic acid 
(dissolved carbon dioxide) moves through 
the rocks, it gradually dissolves and re- 
moves the limestone until a cavern is 
produced. 
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METAMORPHIC ROCKS 

Metamorphic rocks like sedimentary 
rocks are derived from previously existing 
rocks, but metamorphic rocks are formed 
from changes occurring far beneath the 
surface of the earth. 

Heat and pressure combined with 
chemical action cause various physical 
and chemical changes to take place in 
igneous and sedimentary rocks buried 
deep within the earth’s crust. Their ac- 
tions may bring about the formation of 
new minerals, the removal or addition of 
chemical components and the rearrange- 
ment of the mineral particles. 

Movements of the earth may exert 
great pressure on rocks and create high 
temperatures. Complete transformation 
of the minerals in the affected rocks into 
minerals that are more stable can take 
place under these conditions. 

The physical nature of the rock may 
also change and the minerals may be- 
come flattened or they may recrystallize 
to form parallel layers. The formation of 
parallel layers give these minerals a 
tendency to split along the parallel plane 
into thin sheets or leaves. This is known 
as foliation and rocks with this charac- 
teristic are said to be foliated. The forma- 
tion of parallel layers that give rocks a 
banded appearance is one of the out- 
standing characteristics of metamorphic 
rock. Metamorphic rocks can usually be 
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distinguished from igneous rocks by this 
structure. Included among foliated rocks 
are slate, schist and gneiss. 

Metamorphic rocks are divided into 
two groups depending upon whether or 
not they are foliated. Among the un- 
foliated rocks are quarzite, marble and 
the hornfels. 

In most metamorphic rocks the crystals 
have become interlocked distinguishing 
them from sedimentary rocks in which 
the individual grains are cemented 
together. 


; Mica Schist 

Mica schist is formed by the meta- 
morphosis of rocks such as granite, 
gneiss, sandstone or other schists. Some 
schists may also originate from basalt 
and other ferromagnesian rocks. 

Experiment 17. Examine your speci- 
men of mica schist. It came from New 
York City and is known as Manhattan 
schist. 

This rock is considered to be a finely 
foliated rock because the small platelets 
of mica are all aligned in a parallel 
direction. 

Can you see the shiny platelets of 
mica? Are they all parallel to each other? 

You may be able to work your finger- 
nail gently under one of the platelets and 
lift away a thin layer of the mica. 
Beneath it should be another sheet of the 
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mica lying along the same plane. 

After gneiss, mica schists are the most 
abundant of metamorphic rocks. 

Micas are complex aluminum silicate 
minerals containing potassium and hy- 
droxide (OH). They may also contain 
magnesium and iron and other elements. 
Micas may be light or dark depending 
upon their chemical composition. Biotite 
belongs to the mica group. 


Marble 

Marble is metamorphosed limestone. 
It is formed by the recrystallization of 
limestone under the effects of heat and 
pressure. When limestone is transformed 
into marble any fragments of shells or 
other organic structures that may be pres- 
ent usually disappear completely. The 
textures of marble vary. Some may be 
very fine and smooth while others are 
granular. 

Experiment 18. The pink marble in 
your unit came from Carrara, Sicily, 
Italy. Notice its fine smooth texture. The 
soft pink color is due to the presence of a 
minute quantity of iron oxide. 

Examine the marble with a magnifying 
glass. Can you see the individual grains? 
The mineral particles are so fine in this 
marble they cannot be distinguished. 

Experiment 19. Place a drop of water 
on the marble. Does it absorb it? Marble 
is the least porous of natural building 


Zi 


stones. 

Experiment 20. Break a small piece off 
your marble and place it in a little 
vinegar. Does it effervesce? Like lime- 
stone marble is composed of calcium 
carbonate. Marble is an example of a 
rock that has undergone complete physi- 
cal metamorphosis without any great 
change in its chemical composition. Pure 
marble like calcite is white. 

Marble is a good building material and 
is widely used. But why is it not suitable 
for locations where the atmosphere may 
be even slightly acidic? What would 
happen to it? 


MOON ROCKS 

By comparing the composition of rocks 
on the moon with those on earth, geol- 
ogists hope to to be able to learn about 
the genesis of the moon and more about 
the history of the earth, solar system and 
universe. 

Many different kinds of rock and soil 
have been collected from various regions 
of the moon by the astronauts. These. 
locations were carefully selected by sci- 
entists after many years of study as pos- 
sible sites for the widest variety of rocks 
and specimens that would probably have 
the most significance in their research. 

The surface of the moon may be 
divided into two areas, the dark mare 
areas and bright highland regions. The 
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maria (plural of mare) are the flat areas 
on the moon, originally believed to be 
seas. They cover about one-third of the 
near side of the moon and a small frac- 
tion of the far side. The highlands are 
the mountainous regions as the word 
indicates. 

The mare regions are the locations in 
which the most recent rock formations 
occurred on the lunar surface. It is 
believed that basaltic rock underlies the 
surface of the mare. Its basins are filled 
with lava which poured forth some three 
to four billion years ago. 

From the specimens in your unit, you 
have obtained some knowledge about the 
composition of rocks found in the earth’s 
crust. Much has already been learned 
about the lunar samples brought back 
from the different Apollo missions. Let 
us look into some of the characteristics of 
the lunar rocks and note in what ways 
they are similar to or differ from terres- 
trial rocks. 

As you know, the rocks in the earth’s 
crust have been divided into three cate- 
gories, igneous, sedimentary and meta- 
morphic. Rocks from the moon can also 
be placed into these three categories. 

The igneous rocks from the moon are 
basalts and gabbros. Basalts are fine- 
grained crystalline or glassy rocks while 
gabbros are medium-grained crystalline 
rocks. Most of the metamorphic rocks 
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on the moon are classified as breccias or 
microbreccias which are composed of 
small rock fragments and soil compacted 
into rock. 

Astronauts have also returned to earth 
many pounds of what geologists call fines 
or soil. The fines are the sediment on the 
moon. They consist of crystalline frag- 
ments, glassy spherules and fragments and 
small pieces of iron meteorites. Since the 
moon has no water or wind, the erosion 
and sedimentation processes are different 
from those occurring on the earth. Rock 
is broken down, moved and deposited 
about on the moon by action of impacts 
rather than wind or water. 

From the returned samples to date 
(through Apollo 16), the moon rocks can 
be classified by their chemistry and miner- 
alogy into three broad groups: the mare 
basalts; norites or KREEP (K stands for 
high potassium; REE for high rare earth 
elements and P for high phosphorus); and 
anorthositic (calcium-rich plagioclase) 
gabbros. 

Lunar basalt, like terrestrial basalt, is 
volcanic in origin and was formed from 
lava on cooling. The general appearance 
of the basaltic rocks from the moon is 
similar to that of the basalt on the earth, 
showing wide variations in texture. They 
are dark gray to black in color and some 
of them are fine grained like your basalt 
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specimen, while others are more granular; 
some are glassy. Most of the samples of 
lunar basalt are porous and resemble 
those found near the surface or at the 
top of lava flows on the earth. They con- 
tain many vesicles and cavities of different 
sizes. Some of the vesicles are rounded 
while others are irregularly formed and 
may be lined with projecting crystals. 
These are called vugs. The porous nature 
of the lunar basalts leads scientists to 
believe that volatile gases and perhaps 
water could have been present in the 
lunar magma and escaped when the lava 
was extruded. To date, however, scientists 
have found no hard evidence of water 
anywhere on the moon. 

In chemical and mineral composition 
there are similarities and differences. The 
seven most abundant elements in lunar 
basalt are oxygen, silicon, aluminum, iron, 
calcium, magnesium and titanium. Com- 
pare this list with the eight elements most 
common in terrestrial igneous rocks. 
Note that titanium is listed in lunar rock 
as a major constituent while sodium and 
potassium are not. 

Most of the minerals that are found in 
lunar basalt occur also in terrestrial 
basalt. The proportions of the predomin- 
ating minerals, however, differ in the 
moon and earth rocks. 

The most outstanding characteristic of 
lunar basalt as compared to terrestrial 
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basalt is the high content of iron and the 
lower content of sodium. Some lunar 
basalts also have a much higher titanium 
content than terrestrial basalt. In such 
basalts, there is a high percentage of the 
mineral ilmenite (FeTi0,). In terrestrial 
basalt, ilmenite is present but only as an 
accessory mineral. 

The feldspar in lunar basalt is primarily 
calcium-rich plagioclase. In terrestrial 
basalt the plagioclase usually has a higher 
sodium content. 

The differences in the mineral content 
of lunar and terrestrial rocks may be due 
to differences in fractionation process or 
the original composition of the magma or 
both. 

Lunar rocks contain no water and iron 
oxide is present only in the ferrous (Fe+?) 
form. The lack of ferric iron (Fe+*) is 
attributed to the low oxygen content of 
the lunar environment. All terrestrial 
basalts contain some water and ferric 
iron. Also as a result of the oxygen-poor 
condition of the moon, free iron is found 
as a common accessory mineral in lunar 
basalt, whereas it is rare in earth rocks. 

Crystalline rock gabbro is essentially 
the same in mineral composition as lunar 
basalt and is distinguished from basalts 
mainly by grain size. The grains in lunar 
gabbro are usually 0.5 mm or larger. 
Lunar gabbro is dark brown to black in 
color and its crystals are pitted with 
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irregular vesicles. Gabbros are not com- 
mon. 

KREEP is basically a gabbroic or 
basaltic rock, but there are significant 
differences between it and the more com- 
mon lunar basalts. The pyroxene mineral 
present in KREEP is lower in calcium 
and the ilmenite is also low. But the most 
striking difference is that often (although 
not always) KREEP contains substantial 
amounts of phosphate minerals which are 
enriched in rare earth elements and have 
pockets of glass enriched in potassium, 
uranium and thorium. While KREEP ma- 
terial is sometimes texturely similar to vol- 
canic rocks, it usually occurs as breccias. 

The most curious aspect of KREEP is 
that it is localized in only one area on 
the surface of the moon: the area around 
Oceanus Procellarum. 

Breccias on the moon are the result of 
meteoritic impact. They are a com- 
pacted mixture of ‘various substances 
found within their local surroundings, such 
as minerals, small angular fragments of 
crystalline igneous rocks, glassy spherules, 
meteoritic material, fines, other breccia 
and cementing glass. They vary in color 
with their components, from white to 
black and are usually fine grained. Some 
breccia are soft, breaking apart readily 
and others are cemented together tightly 
into a hard rock. 
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The most interesting feature of these 
rocks is the presence of glassy beads or 
spherules that range in color from color- 
less to yellow, brown and dark brown, 
and sometimes green. The tiny glassy 
particles are believed to be formed as a 
result of high speed impact by meteorites 
on lunar material. The force of these 
impacts is sufficient to generate enough 
heat to melt the lunar rock. This material 
is scattered over great distances on the 
lunar surface by the impact. As the 
melted rock fragments travel they form 
tiny droplets that range in size from one 
millimicron to about two millimeters. The 
spherules may be spherical, ellipsoidal, 
teardrop or dumbbell in shape and re- 
semble the forms assumed by liquid 
droplets flying through the air. The 
spherules are found everywhere in the 
soil. Since many breccias include portions 
of the soil, this explains the presence of 
the spherules in the rock. Some rocks 
have been splattered by the glassy melt 
and are coated with it to varying degrees. 
Cavities in the rocks are also often lined 
with glass. 

The igneous rock fragments in breccia 
show a wide variety of textures. Some of 
the individual minerals in them are 
normal, but others show changes created 
by shock. This is known as shock meta- 
morphism. The effects of shock take 
many forms. In some rocks the minerals 
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show fractures and lines of stress and 
shattering, while in others the minerals 
have become granulated and in still others 
minerals have recrystallized. Strong shock 
causes plagioclase to fuse and turn into 
glass. The glass spherules are products of 
intense shock metamorphism. 

Shock metamorphism is caused by 
meteorite impact. The most extensive 
shock effects are observed in breccia in 
which even the tiny glass spherules may 
be fractured or shattered. 

Many rocks on the moon’s surface are 
rounded on the exposed side indicating 
that some type of weathering must be 
taking place. As you know, on earth the 
primary agents of erosion are wind and 
water. On the moon, it is believed that 
the impact of micrometeorites and the 
continuous bombardment by solar par- 
ticles and cosmic ray particles for millions 
of years gradually wear away the rocks, 
smoothing the surface and rounding the 
edges. Without wind and water, there is 
little transportation of rocks on the moon, 
unless they happen to be struck by a 
traveling object. In most of the rocks the 
side in contact with the surface is still 
angular indicating that these rocks have 
not moved from their position since they 
first landed there millions of years ago. 
The weathering of rocks on the moon is 
necessarily very slow. From the degree 
of erosion and the penetration of solar 
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particles into the rocks, scientists can 
estimate the age of various specimens. 

Lunar rocks found on the highlands 
differ from those of the mare. The 
breccia collected from these areas contain 
more gabbroic rocks and nonmare basalts. 
Most of the gabbroic rocks are lighter in 
color having fewer dark minerals among 
their constituents. 

Rocks of the highlands are rich in cal- 
cium and aluminum. Scientists believe that 
much of the rock is anorthosite, a light- 
colored rock composed mostly of calcium- 
rich plagioclase. Scientists hope rocks 
from these locations will give information 
about the composition of the moon’s crust. 

Scientists use various methods to de- 
termine the age of rocks. But age dating 
lunar rocks is difficult because they have 
been battered about and remelted so 
often. Scientists are confident, however, 
in the radioactive age dates that they have 
obtained from several sites on the lunar 
surface. Rocks from mare sites have 
ranged in age from 3.3 billion years to 3.7 
and 3.9 billion years. One rock found near 
the highland front of Apollo 15 was 
determined to be 4.2 billion years old. 
Only two rocks were found with dates of 
nearly 4.6 billion years, the age most geol- 
ogists think the moon is. But the soils 
dated from all of the moon sites have all 
turned out to be 4.6 billion years old. This 
is a puzzle that still remains unsolved. 
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Detailed studies on the lunar samples 
are being carried on by close to 1,000 
scientists in all parts of the world. The 
specimens allotted to them for study are 
very small, only about '4-inch square. 
Each piece is sliced very thinly by the 
researchers for the many analyses to be 
made. 

In addition to chemical and mineralogi- 
cal studies, the samples are analyzed for 
radioactivity, physical characteristics such 
as specific gravity and magnetic proper- 
ties. These findings combined with the 
data obtained from instruments installed 
on the moon at the different sites, will 
provide the scientists with many facts 
about the moon. But it will take many 
more years of research to obtain all the 
answers they seek. 

This unit gives you just an introduction 
to the study of rocks and only a brief 
summary of the kinds of rocks discovered 
onthe moon. To pursue the subject further, 
the references below will be helpful. 

Dana’s Manual of Mineralogy, 18th 
Edition, Revised by Cornelius S. Hurlbut, 
Jr., John Wiley and Sons, Inc., New York. 

Elements of Mineralogy, Brian Mason 
and L. G. Berry, W. H. Freeman and 
Company, San Francisco and London. 
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Geology, William C. Putnam, Revised 
by Ann Bradley Bassett, Second Edition, 
Oxford University Press, New York. 

Minerals and Man, Cornelius S. Hurl- 
but, Jr., Random House, New York. 

Preliminary Science Report, Apollo 12, 
National Aeronautics and Space Admini- 
stration, Scientific and Technical Informa- 
tion Office, Washington, D. C. 

Preliminary Science Report, Apollo 14, 
NASA, Washington, D. C. 

Preliminary Science Report, Apollo 15, 
NASA, Washington, D. C. 

Science, Vol. 167, No. 3918, Jan. 30, 
1970, American Association for the Ad- 
vancement of Science, Washington, D. C. 

Science, Collection of Papers on Apollo 
15 Lunar Samples, Jan. 28, 1972, Ameri- 
can Association for the Advancement of 
Science. 

Science News, weekly magazine, covers 
new findings on moon, Science. Service 
Inc., Washington, D. C. 

Pamphlets available from the U. S. 
Department of the Interior, Geological 
Survey, Washington, D. C.: 

Collecting Rocks 

Volcanoes 

Popular Publications of the United 
States Geological Survey 
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